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Docket No. 0145-152 

IN THE UNITED STATES DESIGNATED/ELECTED OFFICE 

IN RE INTERNATIONAL APPLICATION NO. PCT/JP99/05542 
INTERNATIONAL FILING DATE: October 7, 1999 
APPLICANT: Nobuyuki HISHINUMA et al. 
TITLE: ULTRAVIOLET ILLUMINATION EQUIPMENT 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Preliminary to calculation of the filing fee and examination of this application, please amend 
the above-captioned application as follows: 

In the Specification : 

Page 1, line 1, delete in its entirety; 

line 2, center line in its entirety; 

line 3, change heading "Field of Technology" to the headings: 

— Background of the Invention 
Field of the Invention —; 

line 4, change "to perform" to -for-; delete "means of; 
line 5, delete "means of 

line 7, change heading "Background of Technology" to the heading: 

— Description of the Related Art — ; 

line 9, change "time; this" to -time. Such-; and 
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line 10, change "ashing" to —washing—. 

Page 2, line 2, after " used" insert -as the ultraviolet illumination equipment-; after 
"described", insert -above.-; 

line 3, delete in its entirety; 

line 17, after "problems", insert -in--; and 

line 20, after "problem", insert -in—. 

Page 3, before the first line, insert the heading: 

— Summary of the Invention —; 
line 1, change "above; its" to -above. Its primary-; 
line 5, delete in its entirety; 

line 7, change "described in claim 1 is ultraviolet illumination equipment that" to -in 
accordance with one embodiment of the present invention—; 
line 8, delete "and"; 
line 9, delete "that is characterized by"; 
line 10, delete "establishment of; 
line 1 1 , delete in its entirety; 

line 1 2, change "as described in claim 1 above, in which" to —In another embodiment 
of the ultraviolet illumination equipment in accordance with the present invention, — ; 
line 14, delete in its entirety; 

line 1 5, change "as described in claim 2 above, in which" to —In another embodiment 
of the ultraviolet illumination equipment in accordance with the present invention, — ; 
line 17, delete in its entirety; 

line 1 8, change "as described in claim 2 above, in which" to —In another embodiment 
of the ultraviolet illumination equipment in accordance with the present invention, — ; 
line 20, delete in its entirety; 

line 2 1 , change "as described in claim 2 above, in which" to —In another embodiment 
of the ultraviolet illumination equipment in accordance with the present invention, — ; and 
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line 22, change heading "Brief Explanation of Drawings" to the heading: 
-- Brief Description of the Drawings -. 

Page 4, line 7, change heading "Optimum Effect of Implementation of Invention" to the 
heading: 

- Detailed Description of the Invention -; 
line 8, after "illumination equipment", insert -in accordance with one embodiment-; 
line 13, change "to heat" to -for heating-; and 
line 18, change "w" to -2-. 

Page 5, line 1, change "figure 1" to -Figure 1-; 
line 3, after "means", insert — H— ; 

line 5, change "figure 2" to -Figure 2-; after "heater", insert -HI-; 
line 6, after "specifically", insert -, is provided-; 

line 11, change "figure 3" to —Figure 3~; after "microheater", insert — H2— ; 
line 12, after "specifically", insert is provided-; and 
line 17, after "microheater", insert — H2— . 

Page 6, line 1 , after "means", insert -H-; after "thick-film heater", insert -HI — ; after "linear 
heater", insert -H2-; 

line 6, after "thick-film heater", insert -HI-; change "and" to -or-; after "linear 
heater", insert — H2— ; 

line 9, change "figure 4" to -Figure 4-; 

line 11, after "bulbs", insert -5-; 

line 12, after "bulbs", insert -5—; after "means", insert — H— ; 
line 13, after "thick-film heaters", insert -HI—; after "linear heaters", insert -H2-; 
line 1 9, after "window", insert -3-; change "figure 2" to -Figure 2-; change "figure 
5" to -Figure 5-; and 

line 20, change "figure 5" to -Figure 5-; after "window's", insert -3—. 
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line 22, after 4i window", insert -3-; change "is" to -, it--; 
Page 7, line 1, after "window", insert -3~; 

lines 1 and 2, after "to the window", insert -3-. 

line 2, after "from the window", insert -3~; after "When the window", insert -3--; 

line 3, after "window", insert -3-; 

line 4, after "window", insert ~3~; 

line 5, after "window", insert -3~; 

line 6, after "window", insert -3~; 

line 9, after "window", insert -3-; 

line 10, after "window", insert -3~; 

line 15, after "thick-film heaters", insert -HI-; change "and" to -or-; after "linear 
heaters", insert -H2-; after "heating means", insert --H-; 

line 16, after "of the window", insert -3-; after "heats the window", insert -3-; 
line 17, after "window", insert -3--; 

line 18, after "bulbs", insert —5-; after "heating means", insert — H~; 
line 19, after "window", insert -3-; and 
lines 20-23, delete in their entirety. 

Page 8, line 1, change heading "Scope of Claims" to the heading: 
- Claims -; and 
lines 14-20, delete in their entirety. 

Page 9, lines 1-2, delete in their entirety; and 

after line 3, insert the heading and text as follows: 
— Abstract of the Disclosure 
An ultraviolet illumination equipment including a receptacle with a window, a dielectric- 
barrier discharge lamp located within the receptacle for emitting ultraviolet radiation through the 
window, and a heater for heating the window to at least 100° C- 
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In the Claims : 

Please cancel claims 1-5. 

Please add claims 6-15 as follows: 

—6. An ultraviolet illumination equipment comprising: 
a receptacle with a window; 

a dielectric-barrier discharge lamp located within said receptacle for emitting ultraviolet 
radiation through said window of said receptacle; and 

a heating means for preventing formation and accumulation of debris on said window. 

7. The ultraviolet illumination equipment of claim 6, wherein said heating means is 
provided within said receptacle. 

8. The ultraviolet illumination equipment of claim 7, wherein said heating means is a 
thick-film heater positioned on a surface of said window. 

9. The ultraviolet illumination equipment of claim 7, wherein said heating means is a 
linear heater positioned on a surface of said window. 

10. The ultraviolet illumination equipment of claim 7, wherein said heating means is an 
incandescent bulb. 

1 1 . The ultraviolet illumination equipment of claim 1 0, further including a reflecting 
mirror adapted to transfer heat from said incandescent bulb to said window. 

12. An ultraviolet illumination equipment comprising: 
a receptacle with a window; 
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a dielectric-barrier discharge lamp located within said receptacle for emitting ultraviolet 
radiation through said window of said receptacle; and 
a heater to heat said window to at least 100° C. 

1 3 . The ultraviolet illumination equipment of claim 12, wherein said heater is a thick- film 
heater positioned on a surface of said window. 

14. The ultraviolet illumination equipment of claim 12, wherein said heater a linear heater 
positioned on a surface of said window. 

15. The ultraviolet illumination equipment of claim 12, wherein said heater is an 
incandescent bulb.™ 



The above amendments are made to conform the Specification and Claims of the above PCT 
application to U.S. patent practice and to remove the use of multiple dependencies in the national 
filing phase. 



NIXON PEABODY LLP 
8180 Greensboro Drive 
Suite 800 

McLean, Virginia 22102 
(703) 790-9110 



REMARKS 



Respectfully submitted, 




Registration No. 27,997 



422Reooruu 



09/530955 
pT0 ^ 6 MM 2000 



-1- 



Docket No. 0145-152 



Particulars 

Ultraviolet Illumination Equipment 
Field of Technology 

This invention concerns ultraviolet illumination equipment to perform dry washing by means of 
ultraviolet radiation from a dielectric-barrier discharge lamp, and by means of ozone created at the 
same time by the ultraviolet radiation. 

Background of Technology 

Technology for dry washing by means of ultraviolet illumination equipment using an ultraviolet 
radiation light source has been known for some time; this ultraviolet illumination equipment has 
been used for light ashing and precision light washing in the liquid crystal and semiconductor field. 

Ultraviolet illumination equipment of this type have previously used, as the ultraviolet light source, 
low-pressure mercury lamps and medium pressure mercury lamps that radiate well at the ultraviolet 
wavelengths of 253.7 nm or 184.9 nm. 

Various chemicals such as organic solvents, acids and alkalis are used when processing 
semiconductor or liquid crystal devices, and so these chemicals are often removed by evaporation. 
Among these chemicals are those that absorb ultraviolet radiation and are broken down by the energy 
and produce reaction products after reacting with other chemicals. For example, ammonium 
bisulfate (NH 4 )H(S0 4 ) 2 and ammonium sulfate (NH 4 ) 2 S0 4 are produced. 



Such reaction products circulate as fine dust particles within the clean room, and when these fine 
dust particles accumulate, they sometimes become a factor with a deleterious effect on the 
manufacturing process. 
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On the other hand, in recent years, dielectric-barrier discharge lamps with high energy, a single 
wavelength and good efficiency have come to be used, in place of the mercury lamps described 
above, as the ultraviolet light source in ultraviolet illumination equipment. 

In ultraviolet illumination equipment that uses a dielectric-barrier discharge lamp as the ultraviolet 
light source, the dielectric-barrier discharge lamp is placed in a receptacle that is sealed to separate 
it from the atmosphere, and the ultraviolet radiation emitted by the dielectric-barrier discharge lamp 
passes through a part of that receptacle to illuminate the item to be processed. 

Nevertheless, there has been a problem in that ultraviolet illumination equipment that uses a 
dielectric-barrier discharge lamp has a window through which the ultraviolet radiation passes, and 
the reaction products mentioned above are carried by convection and adhere to this window. 

The reason the reaction products adhere to the window is that when the dielectric-barrier discharge 
lamp is lit, the temperature of the front of the lamp is low, about 70 °C, and so the radiant heat 
radiated from the lamp cannot heat the window sufficiently. Because of that, reaction products that 
come into contact with the window are not carried away from the window by the radiant heat, but 
immediately adhere to the window. 

As a result, there are the problems that the transparency to ultraviolet radiation is lowered by the 
reaction products that adhere to the window, and the intensity of the ultraviolet radiation is not 
uniform throughout the area of illumination. 

There is the further problem that processing defects and flaws appear on the item being processed, 
and the yield is reduced. 

In cases of a considerable buildup of reaction products adhered to the window, there is a problem 
in that the reaction products can peel off the window as large pieces of debris, and contaminate the 
processing environment of the clean room. 
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This invention was made on the basis of the situation described above; its purpose is to provide 
ultraviolet illumination equipment that makes it possible to prevent reaction products due to 
ultraviolet radiation from adhering to the window, and thus to prevent reduction of the intensity of 
the ultraviolet radiation and the formation of debris from the reaction products. 

5 Presentation of Invention 

In order to resolve the problems described above, the ultraviolet illumination equipment described 
in claim 1 is ultraviolet illumination equipment that has a dielectric-barrier discharge lamp located 
within a receptacle, and a window in the receptacle through which the ultraviolet radiation from the 
U dielectric-barrier discharge lamp is emitted, and that is characterized by establishment of a heating 
10: n means to heat the window to at least 100°C. 

" r ? The ultraviolet illumination equipment described in claim 2 is ultraviolet illumination equipment as 
described in claim 1 above, in which the heating means is established within the ultraviolet 
illumination equipment. 

• : . The ultraviolet illumination equipment described in claim 3 is ultraviolet illumination equipment as 
1 5) - described in claim 2 above, in which the heating means is a thick-film heater formed on the surface 
of the window. 

The ultraviolet illumination equipment described in claim 4 is ultraviolet illumination equipment as 
described in claim 2 above, in which the heating means is a linear heater formed on the surface of 
the window. 

20 The ultraviolet illumination equipment described in claim 5 is ultraviolet illumination equipment as 
described in claim 2 above, in which the heating means is an incandescent bulb. 



Brief Explanation of Drawings 
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Figure 1 is an explanatory drawing of the ultraviolet illumination equipment of this invention. 



Figure 2 is an explanatory drawing of a window using a thick- film heater as the heating means. 

Figure 3 is an explanatory drawing of a window using a microheater as the heating means. 

Figure 4 is an explanatory drawing of a window using incandescent bulbs as the heating means. 

Figure 5 is experimental data showing the change, due to the temperature of the window, in 
transparency to ultraviolet radiation caused by the adherence of radiation products. 

Optimum Effect of Implementation of Invention 

Figure 1 is an explanatory drawing of the ultraviolet illumination equipment of this invention. 

Within areceptacle 1 made of stainless steel, there are anumber of dielectric-barrier discharge lamps 
2 that emit ultraviolet radiation. There is a window 3 made of quartz glass to be transparent to 
ultraviolet radiation on the front of the receptacle 1. 

On the inner surface of the window 3 of the ultraviolet illumination equipment is formed a heating 
means H to heat the window 3 to at least 100°C. Now, the heating means H will be explained in 
detail hereafter. 

The receptacle 1 is sealed closed, and the dielectric-barrier discharge lamps 2 are separated from the 
atmosphere. The receptacle 1 is sealed with a gas, such as nitrogen, argon or neon, whose 
transparency is inactive with regard to the light emitted by the dielectric-barrier discharge lamps 2. 

The dielectric-barrier discharge lamps w are filled with xenon at 250 Torr as a discharge gas. The 
input power is 0.2 W per square centimeter of sight emitting area, and ultraviolet radiation with a 
maximum wavelength of 172 nm is emitted efficiently. 
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In figure 1, 4 is a reflecting mirror that efficiently reflects the ultraviolet radiation emitted by the 
dielectric-barrier discharge lamps 2 toward the window. 



The heating means is explained next. 
<Heating means \> 

As shown in figure 2, a thick- film heater is formed within the ultraviolet illumination equipment, 
and specifically on the surface of the dielectric-barrier discharge lamp side of the window 3. 

This thick- film heater HI is a conductive, heat-generating paste that is screen printed onto the 
window 3, then baked for 30 minutes at 500°C. 

Now, the amount of heat produced by this thick- film heater H2 is 1.9 kW. 
<Heating means 2> 

As shown in figure 3, a microheater, which is a linear heater, is formed within the ultraviolet 
illumination equipment, and specifically on the surface of the dielectric-barrier discharge lamp side 
of the window 3. 

This microheater is a fine tube of stainless steel with a nicrome wire running along the center of the 
tube as a heating element, the space between the tube and the wire being filled with high-grade 
powdered magnesium. It is a bendable heater. 



Now, this microheater is 1 .6 mm in diameter and 40 m in length; the amount of heat produced is 4 
kW. 
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The reason that these heating means, the thick-film heater and the linear heater, are formed within 
the ultraviolet illumination equipment, and specifically on the surface of the dielectric-barrier 
discharge lamp side of the window 3 is this: to prevent deterioration of the heaters by preventing 
direct contact of the heaters with the gases and vapors produced during processing of the item being 
processed, and to keep the heaters from casting a shadow on points directly below the heaters. 

Moreover, by forming the thick-film heater and the linear heater directly on the surface of the 
window 3, it is possible to heat the window 3 more efficiently. 

<Heating means 3> 

As shown in figure 4, incandescent halogen bulbs 5 are placed between the dielectric-barrier 
discharge lamps 2, within the receptacle 1 . 

In this case, the window 3 is heated by the infrared radiation from the incandescent bulbs. 

When incandescent bulbs are used as the heating means in this way, the structure of the ultraviolet 
illumination equipment is simpler than with thick-film heaters or linear heaters, and there is no 
obstruction at all of ultraviolet radiation passing through the window. Therefore, the uniformity of 
intensity of the ultraviolet radiation emitted is even better. 

Now in this implementation, the incandescent bulbs were 5 00 W, 25 A halogen lamps sealed on both 
ends. 

Next, experimentation was done to investigate the amount of adhered material relative to the 
temperature of the window, using the ultraviolet illumination equipment shown in figure 1 with a 
thick-film heater on the window, as shown in figure 2. The results are shown in figure 5. 

In figure 5, the vertical scale shows the window's transparency to light with a wavelength of 172 nm. 
As the temperature of the window rose, the transparency increased. From that fact is was known that 
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as the temperature of the window became higher, the reaction products which had adhered to the 
window began to break up and separate from the window. When the window was at 1 00 0 C, reaction 
products that even approached the window were broken up by its radiant heat, and none adhered to 
the window. 

5 As was learned from these results, heating the window to at least 100°C made it possible to prevent 
the reaction products from adhering to the window, to prevent a reduction in the intensity of 
ultraviolet radiation, and to prevent the formation of debris from reaction products. 

As explained above, the ultraviolet illumination equipment of this invention uses a heating means 
% to heat the window to at least 100°C, and so it is possible to prevent the reaction products of organic 
1 o! 1 solvents, acids, alkalis or other chemicals, due to ultraviolet radiation, from adhering to the window, 
H and it is possible to prevent the formation of debris from the reaction products. 

i ■ i Moreover, because the heating means is established within the ultraviolet illumination equipment, 
n it does not undergo deterioration from contact with organic solvents, acids, alkalis or other 
I : ; chemicals. 

if " "3 

1 5y Because the thick-film heaters and linear heaters used as heating means are formed directly on the 
surface of the window, the heat generated by these heaters heats the window directly, and so it is 
possible to heat the window efficiently. 

Using incandescent bulbs as the heating means simplifies manufacturing and further improves the 
uniformity of ultraviolet radiation intensity, in addition to heating the window. 

20 Field of Industrial Use 

This invention can be used as ultraviolet illumination equipment for dry washing by means of the 
ultraviolet radiation emitted by the dielectric-barrier discharge lamp and simultaneously by means 
of the ozone produced by that ultraviolet radiation. 
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Scope of Claims 

1 . Ultraviolet illumination equipment that has a dielectric-barrier discharge lamp located within 
a receptacle, and a window in the receptacle through which the ultraviolet radiation from the 
dielectric-barrier discharge lamp is emitted, and that is characterized by establishment of a heating 

5 means to heat the window to at least 100°C. 

2 . Ultraviolet illumination equipment as described in claim 1 above, in which the heating means 
is established within the ultraviolet illumination equipment. 

: "3 3 . Ultraviolet illumination equipment as described in claim 2 above, in which the heating means 
in is a thick-film heater formed on the surface of the window. 

1 Qhl 4 . Ultraviolet illumination equipment as described in claim 2 above, in which the heating means 

if;;: is a linear heater formed on the surface of the window. 

* ? 5 . Ultraviolet illumination equipment as described in claim 2 above, in which the heating means 

]~i is an incandescent bulb. 

IS .-AT? 

Summation 

15 This invention is to prevent reaction products due to ultraviolet radiation from adhering to the 
window, to prevent reduction of the intensity of the ultraviolet radiation, and to prevent the 
formation of debris from the reaction products. 

Presentation of Invention 

Ultraviolet illumination equipment that has a dielectric-barrier discharge lamp 2 located within a 
20 receptacle 1, and a window 3 in the receptacle 1 through which the ultraviolet radiation from the 
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dielectric-barrier discharge lamp 2 is emitted, and that is characterized by establishment of a heating 
means to heat the window 3 to at least 100°C. 
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ptfeM^fty a*defitied in TiUc 37, Code of FederaJ Keg^ion*, 
$cettoni^«- 



5£MO F €E5 OR COMH. £TED FORMS TO THIS ADDRESS. SEND TO* C*™i*An*r .>f P%l*Uf, .«J TnAfnrts. W„hin^w, DC 20231 . 



PTO;SB/1Q6(S-S£) 
Appf(7wj for us* through 9/30<£S. OMBOeSt-0032 
Pat^ and Trademark OfB»: U.S. D£PA*TMENT OF COMMERCE 
Under the Paperwr* Reduction Act Of 1 995, nc persons a*e required to respond to a coltocttofl trf trtfmrnatipn unless it displays a vSHd OM8 COTKrot number. 



Japanese Language Declaration 



S.si, ;KH&j*X3 5SU 1 9& (a) - (d) «3li* 3 6 5* 
Prior Foreign Application^) 



{Number} 



{Country) 
MA) 



< Number) 



(Country) 



(Application No.) 



(Piling Date) 



wli* x*m*Biff 7? r *b** &a!»j?B A^tf a % 



(Application No.) 



(Application No,} 



(Siting Pate) 
(Htl&R) 

(Filing Date) 



»*T*i±jas**?*%ac:& £B*L. i''t::i: r.^ri 



1 hereby claim foreign priority Under Title 3$, United Stales Code. 
Section 113 (aH**) or ?£$<0) ©/any foreign applications) for patent 
or inventor's certificate, or 355(a) of any Per int»rrt4ttonai 
application wfrrcn designated at least one country other than the 
Uni+td St***., iut««j below and tuvc a&o identified below, by 
rhfeCkjnglhepox. any foreign application for patent or inventor's 
certificate, or PCT tnternatjonaf application having a niirvg date 
before that or the application on which priority Is claimed. 

Priority Not Gfarrnec] 



(Oay/Month/Year Filed) 



(Day/Month/Year Filed) * 



I hereby claim ih* benefit under Title 35, UoH«f States code, 
Section 1*!3<e r of any United States provisional application^, Ifefed 



(Application No.) 



(Filing Date) 
<hV.«B> 



I hereby ciajm the benefit under Title 35, United States Code, 
Section 120 of any United States applications). orSeife) of««y 
PCT International application designating, the Untied Staiex listed 
below ami insofar as the subject matter of earn of me ciaims of 
tl« application is not disclosed in the prior Untied states or per 
loteriafionai application in the manner provided by the first 
paragraph ' of Titfm 34, United States Code section 112. I 
acknowledge the duty to disclos* jfiformaticK* which is material to 
paiemaufay «s defined iflTm«37, Code of Federaj Resvtation*, 
Section 1jS« wWct) t>pc»me aveS*W« hetween me filing date of the 

poor ^pplicvtion and the nation:*! or PCT tniematK^net tmng date Of 
appffcation. 

(Status: Patented. Pending, Abandoned) 

(Status: Patented, Pending r Abandoned ( 

1 hereby decfers. tti«t att statements made herein of my own 
%no«kdgic v« trae and that «1l statements made on intonrut'lOlt 
and belief «r« h^l^v^d t<t be lro«; *rtd further that these 
statements were made with the km»»*4«dge that wBtftrf raiw 
*t«t«ii«nlB and the Bke aa made art puni*haWe t>y Tine or 
imprisonment, or fcotfi. under Section 1001 of Title 18 of th# 
UnH«d stat«3 c?d« and ihit such wiOful fatse statements msy 
jeopardlr* the vjlidlfy of the appHcaUon or any patent issued 
thereon. 



